Cervical lesions have been associated with infection by high-risk human papilloma virus (high-risk HPV). In 409 women aged >15 years high-risk HPV lesions were identified. In a cohort of this population persistent infection was compared with cytological, colposcopic, and histological lesions. Cervical scrapes were taken and DNA was isolated. HPV was detected by PCR in the E6/E7 region. Genotyping was performed by PCR nested multiple E6/E7. HPV was detected in a 37.40% (153/409), high-risk HPV in 86% (153/178), HPV18 46.64% (83/178), HPV16 34.28% (61/178). Among these 53.93% (96/178) were multiple infections, and HPV18/16 (30/96) was the most frequent 31.25%. The cytology showed changes in 15% of positive patients. A 49.67% in women positive for HPV infection showed abnormalities in the colposcopic study, a relationship that turned out to be statistically significant ( p < 0.0019 test χ 2 ). Among all 85% of the women were younger than 45 years of age. Fifty-seven patients were evaluated 15 months after the base study, with initial prevalence of morbidity 49.12% (28/57) and at the end 10.53% (6/57), showing in 89.29% (25/28) negative for HR-HPV infection, 10.34% (3/28) showed persistence of infection, 17.54% (10/57) presented cytological alterations, with 80% of positivity for HPV, and a regression of 100% (10/10) of the previously identified lesions. With colposcopy, 50% (14/28) presented alterations related to HPV, of these 85.71% (12/14) showed regression of such an alteration. The cumulative incidence for HPV was 10.34% (3/29). The incidence rate was 4.23% (3/71), which is equal to Review 2 www.ecancer.org ecancer 2015, 9:579 4.23 new cases of HPV infection per 100 people, per year of follow-up. In conclusion, the present work shows a high frequency of infection by high-risk HPV, with predominance of HPV18 and 16 and in general for multiple infections. Colposcopy was better predictor than the Pap smear for infection. The follow-up study revealed a low percentage of persistent infection, and a high frequency of negativity for viral infection, high regression of cytological and colposcopic lesions, a low cumulative and incidence rate similar to that reported by other Latin American countries and higher than the European countries.
Studies in the course of the last ten years have shown that the prevalence of HPV infection in our country is over 25%, both in women who are asymptomatic for cervical pathology and those that have a degree of diagnosed cytological abnormality [5] [6] [7] . According to statistics from the National Tumour Registry of the Ministry of Popular Power for Health (MPPS) of Venezuela, CC is the second cause of death in Venezuelan women between the ages of 15 and 76; it has also been reported that in our country every year approximately 4000 cases of CC are diagnosed and 1700 women die from this disease [8, 9] .
The progression of lesions related to cervical infections by high-risk HPV as far as CC, occurs only in a small percentage of the affected women, because of the fact that these infections are self limiting, with the average time for resolution being 6-18 months, in those cases the woman does not show any clinical symptoms and the infected area is colposcopically and cytologically normal. A possible explanation of this approach is based on the fact that some HPV genotypes are more persistent than others, an ability that is genetically coded and therefore associated with this pathogenicity [2] .
Persistent HPV infections have a high possibility of developing into cancer, if the associated genotypes are included in the oncogenic high risk group, due mainly to the fact that the persistence may induce secondary genetic changes, given the interference of the viral oncoproteins in the cell cycle checkpoints, and their ability to induce immortality in the keratinocytes [10] [11] [12] . In this sense, it has been reported that of patients with infections caused by high-risk HPV that persist for any length of time, approximately one-third of those with CIN·3 will progress to invasive CC in between 10 and 20 years, which is why these lesions should be the target of screening programmers for the prevention and early detection of CC.
In accordance with the concepts outlined above, it was considered important to conduct a clinical prospective epidemiological cohort study, aiming to establish prevalence of cervical infections because of HPV, demonstrate the possible relationship between high-risk HPV infection and the progression to different degrees of severity of the cytological and colposcopic lesions detected and to evaluate the persistence of the infection because of HPV and the cervical lesions by means of a cohort study, which would contribute to the epidemiology reality regarding the behaviour of the infection because of this viral agent, its impact on the health of women in our community, and the evaluation of the progression or resolution of cervical lesions associated with HPV. www.ecancer.org ecancer 2015, 9:579
The colposcopic evaluation of the patients was included as a tool for the routine diagnosis of cervical atypia, in accordance with the parameters proposed for Venezuela in the Consensus Meeting on Human Papilloma Virus, 2008, published in the Caracas Medical Gazette [17] .
Processing of samples for the diagnosis of HPV
Isolation of DNA: The commercial kit for the QIAamp DNA Mini Kit (QIAGEN®) was used in accordance with the instructions of the manufacturing laboratory.
Quantification of the extracted DNA:
The concentration of the extracted DNA was determined by spectrophotometry at 260 nm, using the UV photometer T1101/1101 (Biotech, Cambridge, UK).
Amplification of DNA fragments of HPV specifics by multiple nested-PCR, viral gene region E6/E7:
This technique was applied to the detection and genotyping of HPV. The first reaction allowed the detection of specific sequences of HPV DNA, contained in a conserved region of the early genes e6/e7, using the pairs of consensus primers GP-E6-3F/ 5B/ 6B, according to the protocol previously described by Sotlar et al, 2004 [18] . As an internal control of the reaction a fragment of approximately 248 bp of the b-globin human gene [19] and for the DNA HPV positive control the commercial oligonucleotide, HPV-C001 (Maxim Biotech, Inc) was used. All the reactions were carried out in a final volume of 25 μL, containing 100 ng of total genomic DNA, 10 μL of HotStarTaq® Master Mix 2X, and 400 nm of each oligonucleotide ( Figure 1 ).
The multiple PCR, nested format, allowed for the identification of the high-risk oncogenic viral genotypes HVP16, 18, 31, 33, 45, 52, 56, and 58, and low-risk HPV6/11 [18] . In this test for the reaction mixture 10 μL of HotStarTaq ® Master Mix 2 X and 400 nM of each oligonucleotide was used; as target DNA, 2 μL was taken from the 1/10 dilution of the product of the PCR GP-E6/E7, in a final volume of 25 µL. For HPV positive controls: in each reaction commercial oligonucleotides in DNA-HPV, HPV-C001 for VPH16/18, HPV-4011-18 for VPH18 and HPV-4012-11, to VPH11 were used all from Maxim Biotech, Inc. The other identified genotypes were evaluated from the molecular weight of the amplicon obtained in the PCR, according to their location in the agarose gel, in comparison with the molecular weight marker used ( Figure 2 ). All of the previously described amplifications were processed in a thermal cycler model ABI 2400 (Applied Biosystems). To view the reaction products, these were subjected to electrophoresis in agarose gel to 1.20%, with 10 µL of ethidium bromide/100 mL of agar, and rear illumination with UV light. The electrophoretic run included a marker of molecular weight of 1000 pb, ladder of 100 BP (100 bp DNA Ladder, Invitrogen), and the buffer 10 X blue juice TM loading gel buffer (Invitrogen) to verify the size of the bands obtained.
Definition of persistent HPV infections:
For a persistent infection positivity for the same viral genotype was taken as the same persistent infection on two specific occasions: in the first assessment and one that took place 15 months later. It is important to note that all the patients included in the follow-up were said to be sexually active; which is why the 'sexual abstinence' was not assessed.
Collection and analysis of the data: A database in the EPI Info 2012 programme, version 7.0 was created, which was used for the descriptive statistical analysis of the results, frequency distribution of infections by HPV of high and low risk and association in qualitative scales of the different groups identified, with clinical and epidemiological variables from patients, which were summarised in proportions. Inferential statistical analysis and the definition of significant associations were conducted using the Chi-square test. The indicators rate of incidence, or incidence density, calculated as the quotient of the number of new cases of disease which occurred during the monitoring period and the sum of all the individual observation times and accumulated incidence, referred to the proportion of candidates who developed the disease during the observation period. www.ecancer.org ecancer 2015, 9:579
Results

Frequency of human papilloma virus infection detection
Of 409 women studied, HPV DNA was detected in 37.40% from cervical specimens ( Table 1) .
Frequency distribution of infection by HPV by age groups
85% of HPV infections arose in women under 45 years of age; there was a similar percentage in women 15 to 24 years of age and 25 to 34 years ( Figure 3 ).
HPV genotype prevalence found in the 153 samples positive for infection
Among these 85.96% of HPV found corresponded to high-risk oncogenic genotypes, from those 80.92% were genotypes HPV16 and 18, with a percentage of 34.28 for the first and 46.64 for the second ( Table 2) .
Frequency of single and mixed infections by HPV genotype found in 153 cervical samples
From all of the genotypes found, 53.93% (96/178) correspond to mixed infections. The most frequent combinations were HPV18/16 with 31.25% (30/96) and HPV18/6y11 with 20.83% (20/96), the later with statistical significance ( p < 0.000029 test χ 2 ). However; when considering each genotype separately, both HPV18 and HPV16 showed greater frequency for individual infections, 58.54% (48/82) and 37.80% (31.82) respectively (Table 3) . 
Relationship between infection from HPV and cytological results in cervical samples
Persistence in the diagnosis of infection from HPV and its genotypes in cervical samples from 57 patients who participated in a monitoring study
When following-up with a cohort of 57 women of the initial sample, for a period of 15 months, an initial prevalence of 49.12% (28/57 women) morbidity was observed, based on this condition, in the second phase of the study, there were findings of high negativisation of the infection, displayed by the absence of HPV DNA detection in the cervical samples of 89.29% (25/28) of the women initially infected with HPV; likewise, there were findings of low prevalence of HPV infection, 10.71% (3/28 women) and after studying the prevalence of specific genotypes, there was just one case found for HPV18 representing 16.67% (1/6) of the patients who were initially positive for this viral genotype. These observations allow the establishment of an accumulated incidence of HPV infection of 10.34% (3/29) in 15 months. Upon determining the level or density of viral infection, a value of 4.23% (3/71) was obtained, which is equivalent to 4.23 new cases of HPV infection per 100 people, per year of follow-up (Table 4) . www.ecancer.org ecancer 2015, 9:579
Prevalence in the detection of HPV infection in cervical samples of 57 patients who participated in a follow-up study and its relationship with the cytological report
In the initial sample, 17.54% (10/57) of the women evaluated, presented cytological alterations, and 80% (8/10) of them were positive for the detection of HPV DNA. Upon observing the results obtained after follow-up, there was a regression of 100% (10/10) of the previously diagnosed lesions in all patients, both positive and negative for HPV, and negativisation of HPV infection. Two patients presented new cervical lesions (LSIL in both) after time of follow-up; it is important to point out that these two patients presented new HPV infections, classified in the group of those which resulted negative for the viral genotypes researched in this study (Table 5) .
Prevalence in the detection of HPV infection in cervical samples of 57 patients who participated in a follow-up study and its relationship with the colposcopy report
Among the 50% (14/28) of the positive patients' for HPV infection in the initial sample showed colposcopy lesions with few differences between the cases with minor and severe atypia. In 85.71% (12/14) of those cases, there were observations after the monitoring timeframe, of the disappearance of the initial colposcopy alterations that were found, and there was negativisation of the HPV infection (Table 6 ). 
Discussion
The percent of viral infection detection was 37.40%, pointing out that 83.67% of these HPV positive reports were from women with normal cytology, this is a finding which is considered superior to that registered in the general population around the world, making up between 9-13% [3, 9, 21] ; in addition, the percentage of determined HPV infections contrasts with the estimate described previously by Bruni et al [22] for Latin America, which describes a prevalence of a 16.10% of HPV in women with normal cytology.
The high percentage of HPV positive cervical samples found in our study could be because of the nature of these infections, which have displayed high variability, depending on multiple factors, such as demography, behavioural characteristics of the population being studied, and the method of diagnosis being applied [23] . In the same manner, studies on the subject carried out in Venezuela express a variable positivity range for this infection [5, [24] [25] [26] [27] . It is in the sense that when contrasting the findings of the present study with two other studies done with the female population of the state of Mérida, using diagnosis protocols different from those used in this study (HPV PCR-E6/ E7) so to say a second-generation hybrid capture test was applied in one of them [28] while the technique for amplification of specific genetic sequences PCR-RFLP [29] was used in the other [29] , there was a prevalence of HPV of 12.54% and 51.90% respectively. In addition both in our study and in the first of the mentioned studies, women with and without previous HPV infection were evaluated. In the second instance only women with a previous clinical diagnosis of viral infection were studied, whether it was through cytology, colposcopy, or biopsy. This data suggests that the diagnostic method used and the characteristics of the studied population have a direct influence on the level of viral infection detection. www.ecancer.org ecancer 2015, 9:579
It is important to emphasise the high levels of HR HPV genotypes identified in the population studied in this investigation, both in multiple and single infections; in addition, it is important to point out that HPV18 was the most frequently detected viral genotype, followed by HPV16. The relative distribution of these genotypes in the studied women is similar to the data previously published in the city of Mérida, Venezuela, which shows a predominance of HPV18 infections over all genotypes studied [28] . On the other hand, the results in the present study differ from the information previously published by other researchers around the world, where HPV16 was the most frequently identified genotype [30] [31] [32] [33] ; suggesting that the reported HPV genotypes in regions around the world could vary in type and relative incidence [33] .
Within the samples positive for HPV DNA identified in this study, multiple infections with two or more genotypes were reported in 53.93% showing the importance of genotyping evaluations in patients with a positive report for viral detection. This relevance is based mainly on the fact that multiple infections caused by different HPV genotypes increase the probability of acquiring a high-risk genotype [23] . In addition, these co-infections have a high level of occurrence, which suggests the presence of a synergistic action among the different viral genotypes diagnosed in a single sample [34] . In other research done on the subject, there is support that clinical epidemiological implications of infections with multiple genotypes of HPV are uncertain. This claim is based on the follow-up study done on women with multiple HPV infections, in which there were observations that even though the identified genotypes tend to form groups, the monitoring of the infection in these women does not show that these groups have a determining influence in the course of the viral infection and the development of malignant lesions in the affected patients [35] .
The results obtained in the present study, based on cytological analysis of the cervical samples through the Pap smear technique, show that 15.03% of HPV positive patients showed cytological changes suggestive of this viral infection, emphasising the predominance of infections by HR HPV in patients with a diagnosis of LSIL. The previously presented data reflects a relationship between identified HPV genotypes and the abnormal cytological report. Consequently, these results support the widely known concept regarding the importance in the detection and genotyping of HPV in the routine gynaecological consultation. With this in mind, previous publications have shown an elevated risk of progression of cervical lesions, from CIN 1 to CC, in patients infected with HPV16 and/or HPV18; with an estimated timeframe of 12 months, in approximately 3.5-12% of the women infected with a HR HPV genotype, there occurred progression to cervical lesions of different grades of CIN (12, 34) . Similarly, two meta-analysis in publications with world prevalence of HPV infection and the distribution of viral genotypes in cervical samples of women with normal and abnormal cytological results concluded that the testing for diagnosis of HPV, simultaneous with the cytological evaluation, was associated with a significant reduction in the progression of cervical lesions to CC and in deaths because of this pathology [22, 36] .
On the other hand, it is currently well-known that in about 60% of women with normal cytology and a positive HPV DNA test, there is negativisation of the viral infection report in the following six months from the first report. However, when dealing with patients over the age of 40, the risk of progression from CIN 1 to CIN 3 in the following ten years increases significantly, compared with that of young women [12, 37] . The variation of distribution of HPV infection in patients with SIL and CC, as well as the supported information in prospective studies, establishes that there is a genotype-specific risk in the development and evolution of cervical lesions in women with abnormal cytology; suggesting that in clinical practice the distinction of HPV genotype involved in the infectious process has the potential to improve the monitoring of women with SIL [22] . In other words, the identification of HPV has shown greater sensitivity in suggesting the presence of neoplasm lesions, compared to the Pap smear test [38] .
It is important to mention the recommendations for CC screening tests issued by the American Congress of Obstetricians and Gynaecologists in 2012 which indicate that gynaecological evaluations with cervical cytology should be no later than one year; however, the time between evaluations could increase to an interval of 3-5 years with the realisation of cytology and the incorporation of screening tests for HR HPV infection [39] . This suggestion for screening is directed at decreasing the rate of CC that is recorded yearly around the world, especially in developing countries, since conventional cytology has limitations when comparing its sensitivity and specificity with that of colposcopy, or histopathological, or biopsy analysis [37] .
The colposcopy exam done suggested the viral infection in a range superior to that obtained through the Pap smear technique, and in addition there were observations of a significant statistical association between the detection of HPV and the abnormal colposcopy findings, showing that the colposcopy had high predictive value in the diagnosis of HPV infection. These results coincide with those reported by Mitchell et al [40] , who found an average sensitivity and specificity of 96% and 48% respectively, in the colposcopy for the detection of abnormal histopathologies, including CIN 1 to CIN 3 and CC. The findings of the present study confirm the importance colposcopy evaluation done to patients during a routine gynaecological exam; in that sense it has been shown that approximately 69% of women who present abnormal colposcopic changes are identified with at least one HR HPV genotype [41] . www.ecancer.org ecancer 2015, 9:579
In the present study, 57 participants were monitored for a period of 15 months, with morbidity rates of HPV infection of 49.12% in this group. At the end of the monitoring period it was observed that the prevalence of positive cases for HPV infection was low (10.71%); likewise, the infection persisted in specific viral genotypes; it was only identified in one patient positive for HPV18 (16.67%). The data obtained in the present study coincides with that reported in another study, in which it was shown that infection by oncogenic HPV genotypes has an average duration of eight months, while the duration of non-oncogenic HPV has an estimated duration of four months [42] . Numerous studies have pointed out that persistent HPV infection is of extreme importance in the development and progression of precancerous lesions to CC, and that this process could take 1-10 years [13] . Likewise, it is known that the association between infection from HR HPV and the presence of CIN is stronger for a persistence of 12 months than for a persistence of six months, although this relationship could vary depending on the viral genotype [43] . Some data suggests that HPV16 persist on an average more time infecting the cervical epithelium, in comparison with other viral genotypes, thus lesions associated with the presence of HPV16 could progress to cancer quicker than those that do not present HPV or have another viral genotype [44] .
Data complementary to that obtained in the present study regarding the prevalence of HPV infection shows that a generally high percentage of negativisation of the viral infection (89.29%) was determined in the 28 patients positive for HPV in the initial sample. In that sense, there is consistency between our results and the estimates of various studies done on women who were HPV positive, in which the resolution rate of the viral disease was high throughout the first year of infection as described in the work of Schmeink et al [45] and Muñoz et al [46] . They reported a resolution of the viral infection of 70% before the sixth month of the monitoring phase and an average duration of HR HPV infection of 14.8 months respectively.
The cumulative incidence of HPV obtained in this study (10.34% in 15 months) differs from studies previously published in which this indicator is considerably higher, Winer et al [34] with a reported cumulative incidence of 32.3% (confidence interval (CI) 95% = 28, 0-37, 1) after two years of monitoring, in 603 university female student; this difference could be because of the fact that the mentioned study included a greater number of participants and only young women, while in the present study the number of women were less and both young and older women were incorporated with an age range of 15 to 69. Muñoz et al [47] reported an elevated incidence of HPV infection in their follow-up study done on 1728 women during nine years. In this case, even though the studied population included women of a mature age (ranging from 15-85 years) the differences with our study would be defined by the number of participants and the timeframe of monitoring.
With regard to the rate or density incidence of the viral infection, there was an obtained value of 4.23 new cases of HPV per 100 people, per year of monitoring; these results coincide with those reported in another cohort study done in Colombia, which included 1610 women between the ages of 15-85, with abnormal cytology, who were monitored every six months for an average of 4.1 years, and the rate of incidence determined for HR HPV was five cases per 100 women a year [46] . In addition, Font et al [48] , in 1383 women cared for in the metropolitan area of Barcelona, Spain, there were observations of an incidence of new infections of 2% per year throughout the monitoring of three years. The distribution of identified HPV infections in the 57 patients who underwent the monitoring protocol according to the results of the cytological evaluations that were done indicated that in the initial sample 17.54% of the participants presented cytological alterations, and after follow-up there was a regression of 100% of these lesions, both in women who were positive and negative for HPV. This regression was simultaneous to the viral negativisation, which supports the causal relationship between HR HPV infection and the occurrence of cervical lesion in the affected women.
The evaluation of persistent HPV infections, diagnosed in this study, according to the reported colposcopy atypia, showed that the three patients with this condition did not present colposcopy atypia after follow-up. On the other hand, there was regression of the colposcopic alterations at an elevated percentage in the patients who presented negativisation of the viral infection. The previously presented results support the concept under which the severity of the colposcopic alterations could be related to the frequency of persistent cervical infections caused by HR HPV [49, 50] , a fact supported in that the majority of CCs are preceded by long periods of HR HPV infections, and the presence of these viral genotypes in the affected cells leads to multiple changes in the cervical intraepithelial tissue which increases the possibility of its progressive development to CIN 3 and to CC [49] . With regard to age, when considering infections positive for HPV, 85% of them were in women younger than 45 years of age, with maximum percentages of positive results in the group younger than 35 years of age. Different studies carried out in Venezuela report results that coincide with those obtained in the present study [5, 28, 51] . Infections positive for HPV decreased as age of the participants increased. This data coincides with findings obtained in work recently carried out in Italy, in which the prevalence of HR HPV genotypes had a significant increase in women younger than 35 years of age to later decrease as age of the participants increased [52] . The decrease in prevalence of HPV infection as age increases is frequently defined by changes in sexual behaviour and elimination of the infectious process mediated by the localised action of the elements of the immunological system of the affected person [53] . www.ecancer.org ecancer 2015, 9:579
Conclusions
An increased frequency of high-risk HPV infection was shown in the population of women under 45 evaluated in this study, with a predominance of HPV18 and 16 and in general multiple infections, a colposcopy was found to be a better predictor for HPV infection than cytology, with statistical significance between infection by this virus and abnormal colposcopy. The follow-up study of the cohort showed a low percentage of persistent infection, a high frequency of negativisation of viral infection, a high percentage in the regression of cytological and colposcopic lesions, a low cumulative frequency, and a similar incidence rate to that reported by other Latin American countries and higher than that of the European countries.
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